The present study investigated the species composition of freshwater shrimp fauna in Kikai-jima Island within the Ryukyu Islands in southern Japan. Six stream-pool sites, with Karimata-no-izumi in the north, followed by Shiomichi, Nagamine, Ooasato, Takigawa, and Urabaru, were sampled from June 2005 to June 2008. We identified eleven species belonging to two families: four Palaemonidae, and seven Atyidae. The most dominant species were Caridina typus as well as C. sakishimensis, which is a redlist (RDB) species sporadically distributed in the Ryukyu Islands. Together with C. typus and C. sakishimensis, M. lar and M. japonicum also dominated most of the study sites in Kikai-jima, and Morista's similarity index showed high similarities between five of the stations, except for Takigawa in the south. The highest densities of shrimp were recorded in Karimata-no-izumi followed by Ooasato, Nagamine, Urabaru at the southernmost, Shiomichi, and Takigawa. Comparing species composition in Kikai-jima and other islands of the Ryukyu group, cluster analyses showed greatest faunal similarity to Kume-jima in the lower central Ryukyus, with the Redlist C. sakishimensis recorded in both islands. This close similarity in shrimp composition between the two distant islands may be attributed to their geological origin and sizes of the islands, both measuring about 60 km 2 in area.
INTRODUCTION
Freshwater shrimp communities are a central focus for evolutionary studies. Evolved from marine ancestors, many species exhibit amphidromy, a distinctive form of diadromy (McDowall, 2007) . In amphidromous species, spawning and egg development take place in freshwater/brackish-water and larvae emigrate immediately to sea, returning to freshwater as juveniles after completion of the larval phase of their life cycles (McDowall, 2007) . Their marine-derived larval phases facilitate the dispersal of insular shrimp to islands and continental landmasses. McDowall (2009) noted that steep topography and swift flowing short river systems are the key factors for successful amphidromy, favoring rapid transport of larvae to sea, and the presence of Paratya in continental and isolated oceanic islands of South Pacific has been mainly attributed to oceanic currents and amphidromy (Timothy et al., 2005) . However, isolation from other islands and/or continental landmasses is also thought to affect the stream communities of islands leading to dominance by marine-derived diadromous taxa including fishes, shrimp, and snails (Resh et al., 1992; Gillman, 2003) .
Kikai-jima is part of the Ryukyu Islands, located in the southern part of the Japanese Archipelago, and totals some 140 subtropical islands. These islands have a history of more than one period of land-bridge connection in various combinations with adjacent landmasses (Kizaki and Oshiro, 1980; Maki, 2001) . Kikai-jima is a small island measuring 56.90 km 2 that lies 50 km east of Amami-oshima group in the central Ryukyus. It is categorized as among the ''flat islands,'' which include Okinoerabu-jima, Yoron-jima, Kume-jima, and Miyako-jima, and is formed from the limestone built up through coral-reef activity and submergence of the tectonic plates of the Philippines during the Quaternary Era (Konishi et al., 1970) . The freshwater shrimp fauna of the Ryukyu Islands has been well studied by several researchers (Fujino and Shokita, 1975; Shokita, 1979; Suzuki et al., 1993; Suzuki and Sato, 1994) , but until now detailed studies of the freshwater shrimps of Kikai-jima have been clearly lacking. Our study aims to elucidate the species composition of freshwater shrimp fauna on Kikai-jima Island, and add to existing data and the information required for the management and conservation of shrimp biodiversity of the Ryukyu Islands.
MATERIALS AND METHODS
Monthly sampling was conducted from June 2005 through June 2008 from pools of small, slow flowing streams originating from underground springs in Kikai-jima Island, southern Japan. Six stations were selected for this study based on preliminary surveys: Karimata-no-izumi in the north, followed by Shiomichi, Nagamine, Ooasato, Takigawa and Urabaru in the south being the largest (Fig. 1) . The sizes of the sampled station are shown in Table 1 . Karimata-no-izumi, Shiomichi, Ooasato and Urabaru were characterized by surface drainage to the sea, while Nagamine and Takigawa appeared to exhibit underground stream systems. Shrimp samples were collected by the sweep method using a dip net of 1 3 1 mm mesh size. The number of sweeps was recorded for standardization of sampling effort and the specimens kept alive in buckets filled with water for identification and taxonomic classification before being released back to the pools.
Physico-chemical parameters including temperature, conductivity, pH, and salinity were measured on site using a digital meter (YSI model 63-10, YSI, U.S.A.).
Relative abundance of each species was calculated as: Relative abundance 5 (Total number of specimens collected)/(Number of sweeps). Further, comparison for species similarity between the Ryukyu Islands was conducted using Ward's hierarchical cluster analysis by squared Euclidean distance, while Morisita's index of similarity was calculated using average shrimp density by station during the current study.
RESULTS
A total of eleven species of freshwater caridean shrimp belonging to two families, Atyidae and Palaemonidae, were recorded in the present study (Table 2 ). In Atyidae, two genera, Caridina and Paratya, accounted for seven species: C. typus H. Milne Edwards 1837, C. sakishimensis Fujino and Shokita, 1975 , C. multidentata Stimpson, 1860 , C. leucosticta Stimpson, 1860 , C. grandirostris Stimpson, 1860 , C. serratirostris De Man, 1892 , and P. compressa (De Hann, 1844 . The family Palaemonidae was represented by the genus Macrobrachium with four species: M. lar (Fabricius, 1798) , M. japonicum (De Hann, 1849), M. formosense Bate, 1868, and M. australe (Guerin Meneville, 1838) . Caridina typus and C. sakishimensis were the most dominant species, with higher relative abundance and occurrence at all six stations, followed by M. lar and M. japonicum, which occurred at all stations except Takigawa. Caridina multidentata was recorded from all six stations but at slightly lower relative abundance.
The highest relative abundance of shrimp was recorded at Karimata-no-izumi followed by Ooasato, Nagamine and Urabaru. Shiomichi was characterized by higher diversity although the species relative abundances were low, while Takigawa recorded the lowest relative abundances among all the six stations sampled.
According to Morisita's index of similarity, Karimatano-izumi showed closest similarity to Urabaru, at an index value of 1.14 ( Table 3) . Slightly higher indices of similarity in species composition were also calculated for these two stations together with Ooasato, Shiomichi and Nagamine. However, the shrimp composition of Takigawa was very different from the rest of the stations recording below 0.4 with all sites, except with the Nagamine site.
In Takigawa, Ooasato, Shiomichi, Nagamine, and Urabaru the temperature varied from 18.4 to 23.8uC with highest fluctuations in Karimata-no-izumi mean 6 SD (20.6 6 2.5) and lowest fluctuations in Urabaru 21.5 6 0.2uC. Water pH varied from 7.5 to 7.9 with relatively higher fluctuations in Ooasato and Takigawa (7.5 6 0.4 and 7.9 6 0.4 respectively) compared to Karimata-noizumi, Shiomichi, Nagamine and Urabaru at 7.9 6 0.1, 7.3 6 0.2, 7.1 6 0.2 and 7.5 6 0.2 respectively. The conductivities in Karimata-no-izumi, Shiomichi, Nagamine, Ooasato, Takigawa, and Urabaru were 959.3 6 182.5, 758 6 21.2, 771.6 6 44.1, 524.8 6 136.9, 470.2 6 44.6 and 702.3 6 31.6 mS/cm respectively ( Table 1) . The physico-chemical characteristics of the Karimata-no-izumi site were different from the other stations, characterized by comparatively stable pH, high conductivity and marked fluctuations in temperature.
The freshwater shrimp composition in the Kikai-jima and rest of the Ryukyu Islands was compared by cluster analysis (Fig. 2) . The analysis showed three main clusters: 1) Kyushu main Island, Yaku-shima, Tanega-shima, Kikaijima, Kume-jima, Amami-oshima and Tokuno-shima; 2) Okinawa-jima, Ishigaki-jima and Iriomote-jima; and 3) Nakano-shima, Yoron-jima, Uotsuri-jima, Okinoerabu-jima and Miyako-jima. The greatest similarity occurs between Kikai-jima and Kume-jima.
DISCUSSION
Caridina typus and C. sakishimensis were found at all six stations, with higher relative abundance values, making them the dominant fresh water shrimp species in the streams of the Kikai-jima Island. The similarity among five of the stations (excluding for Takigawa) is directly linked to the species diversities and their relative abundance (Table 3 ). The similarity may be resulted from the presence of Caridina typus, C. sakishimensis, M. lar, and M. japonicum at those stations. The similarity between Takigawa and Nagamine can also attributed to occurrence of C. sakishimensis in both stations. These results may demonstrate that C. typus, C. sakishimensis, M. lar, and M. japonicum are the characteristic species in the Kikai-jima's freshwater shrimp fauna. The higher abundance of C. sakshimensis in Kikai-jima is also a clear indication of the suitability of the island's habitat for the species and hence a focal point for the conservation of this endangered species. Caridina typus, M. lar, and M. japonicum known as diadromous (Suzuki, 2001) , are widely distributed in Indo- West pacific region (Shokita, 1979; Cai and Husana, 2009 ). In the Ryukyu Islands, only C. typus has been reported in all islands studied so far (Table 4 ) and its diadromous lifecycle may have played a vital role in its wide distributional range within Ryukyus. On the other hand, C. sakishimensis is found in three islands of southern Ryukyus [Yonaguni-jima, Ishigaki-jima, and Miyako-jima] and three of the central Ryukyus [Kume-jima, Okinoerabujima and Kikai-jima] (Shokita, 1979; Suzuki and Sato, 1994) . The Ryukyu Islands are under the influence of the Kuroshio Current, which is a warm and highly saline current originating from the North Equatorial Current (Ekman, 1953; Kawai, 1991) . The current flows northwards along the Ryukyu Trough turning northeast before the main Kyushu Island to flow along Japan's Pacific coast (Ekman, 1953; Kawai, 1991) . Almost all species occurring in Kiakijima are diadromous (Shokita, 1979) with the characteristic life cycle allowing their dispersal into coastal river systems (Hunte, 1978; McDowall, 2007) . Although the diadromy of C. sakishimensis has not been documented so far, the Kuroshio Current appears to have greatly influenced the dispersion of many species of the southern islands toward the north. Smaller oceanic currents and atmospheric conditions within the Ryukyu Islands could also have influenced the dispersion and survival of shrimp species inhabiting the neighboring islands, resulting in species similarity between Kikai-jima and islands of the northern Ryukyus (cluster 1 in Fig. 2) . It is also important to note that almost all islands that clustered together with Kikaijima were mainly located in the northern limit of the central Ryukyus group. However, Kume-jima, lying west of Okinawa-jima, showed greatest similarity in species composition to Kikai-jima. Similarity, the shrimp composition between both of these islands was mainly characterized by the presence of C. typus, M. lar, M. japonicum, and C. sakishimensis (Table 4) .
Size of Kikai-jima, Okinoerabu-jima, Kume-jima, Miyako-jima, Ishigaki-jima, and Yonaguni-jima are estimated 56.9 km 2 , 95 km 2 , 63.2 km 2 , 158.70 km 2 , 229 km 2 , and 28.88 km 2 , respectively. Kikai-jima and Kume-jima, the smallest of these islands, exhibit similar species composition characterized by occurrence of the endangered C. sakishimensis. Several studies have revealed that island size may affect the number of species (Mac Arthur and Wilson, 1967; Kimoto, 1979; Suzuki et al., 1993) . Thus, similarity in the size of these islands may partly explain the similarity in species composition between the Kikai-jima and Kume-jima. Moreover, their geology and hydrological characteristics including coral origin, flat terrain, and presence of small river systems in these islands appears to also influence species composition in the islands. Hydrological characteristics including drainage systems, stream size, and steepness and flow rates all influence the life cycles of the freshwater shrimps, supporting the diadromous species inhabiting the islands.
On the other hand, the sporadic and limited distribution of C. sakishimensis within the central and southern Ryukyu Islands might suggest that its life cycle and reproductive behavior differ from those of the other diadromous atyid shrimps. Furthermore, there is a possibility of isolation among the island populations of C. sakishimensis. Further studies on the population ecology, molecular biology, and biogeography of this species are required to ascertain its life cycle and the intraspecific genetic variation in its sporadic distribution.
